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[57] ABSTRACT 
Method for correcting the control program of an auto 
matic glass cutting machine including the steps of add 
ing in counters signal pulses representative of travel of 
a scanning head in X and Y directions, checking the 
counter totals at the starting and end points of travel of 
the scanning head and introducing pulses in the pro 
gram to bring the counter totals to a zero value. A 
device for correcting the control program of an auto 
matic glass cutting machine having counters for adding 
signal pulses representative of travel of a scanning head 
in X and Y directions and a pulse generator for each 
counter which may put a required number of pulses into 
memory to bring the total count in the counters to zero 
at the completion of travel of the scanning head. 

6 Claims, 3 Drawing Figures 
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PROCESS AND APPARATUS FOR THE 
CORRECTION OF THE CONTROL PROGRAM OF 

AN AUTOMATIC GLASS SHEET CUTTING 
MACHINE 

TECHNICAL FIELD ’ 

This invention relates to a method and device for 
correcting the control program of an automatic glass 
sheet cutting machine and more particularly a program 
for pulse guidance of a glass cutting machine along a 
path de?ned in Cartesian X and Y coordinates. 

, BACKGROUND OF THE INVENTION ‘ 

Automatic glass cutting machines have been pro 
posed which utilize a scanning head‘ equipped with an 
emitter of X pulses representing the X coordinates of 
the various points ‘on a pattern‘ and'an emitter of Y 
pulses representingv'the Y‘ coordinates of the various 
points on a ‘pattern representing the'outline to ‘be cut 
and where the scanning head is guidedalong the pattern 
to register ‘a program. These X and ‘Y pulses constitute 
signals representing the outline to 'be out and they are 
stored in memory. Thereafter, the memory need only be 
recalled in order to control the cutting ‘machine. 

Published French patent application No. 2,367,710 
describes such a glass sheet cutting machine controlled 
by a'magnetic tape carrying informationon the X and Y 
coordinates of the various points on the outline to be 
out. A similar cutting machine ofthis type v‘may also be 
used to record the cutting program on the magnetic 
tape and is described in German patent application No. 
2,646,053. _ ' , 

US. patent application 092,972 ?led Nov. 9, 1979 Pat. 
No 4,325,188 describes a device for recording a cutting 
program intendedi'for such a cutting machine. In such a 
device, the scanning head follows the'outline of a pat 
tern with the aid iof a sensor. Theoretically, when the 
scanning head‘ ‘has traversed‘ the entire outline of the 
pattern, it will have returned to the point it started from 
when beginning the scanning operation. In practice, 
whether the scanning head is run manually or automati 
cally controlled, this is not'quite true, and there is a 
slight discrepancy between the starting point and the 
end point of the scan. If the starting point, or zero point, 
is not precisely reached'after the scan, this will be re 
flected in the recorded program by a deviation between 
the starting index and'the target index. When the re 
corded program is operated to guide the cutting ma~ 
chine, this slight deviation is represented, on a cut sheet 
taken individually, by an insigni?cant jog in the cut, on 
the order of 0.1 mm, and not even noticeable to the 
naked eye. But since the target point of the cutting head 
is at the same time its starting point for the next cut, 
these discrepancies accumulate with each operation of 
cutting another sheet of glass, so that eventually the 
cutting tool is carried beyond the edges of a sheet of 
glass out of which a part is. to be cut. 

It is therefore an object of our invention to provide a 
method and a device for correcting the control program 
of an automatic glass cutting machine so thatin the 
recorded program, the index corresponding to the start 
ing point of a closed line of cut is exactly the same as the 
index corresponding to the target point after the line of 
out has been traversed. 
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GENERAL DESCRIPTION OF THE INVENTION 
Broadly our invention involves a method by which 

path signals in the form of pulses, positive or;negative 
according as the scanning head is traveling in .the posi 
tive or negative ‘directions on the coordinate X and Y 
axesiin traversing the cut outline of the pattern are 
added in separate X and Y counters, the counter totals 
are checked at the starting point and target point of the 
scanning head, a required number of pulses are added to 
the program so that the counter totals will be identical 
at ‘the beginning and end of the path of the scanning 
head. ' ‘ 

' Thus the invention departs from the method previ 
ously followed, which was to ?nd the zero point by 
means of the scanning head. Instead, X and/0r Y dis 
crepancies between the starting position and the end 
position of the’ exploring head are now accepted, and 
the recorded program is corrected at the memory level 
by putting in additional pulses with the aid of pulse 
emitters. This method serves to avoid the use of a‘ high 
precision program machine ‘which would be very 
costly. ' 

Broadly a device according to the invention essen 
tially, comprises, besides an electronic pulse memory 
means, certain adding pulse counters; one for pulses 
controlling motion along the X axis and another for 
pulses controlling motion along the Y axis, and addi 
tional pulse generators adapted to be actuated at the end 
_,of 'the'recording of the program when a scanning head 
is at its target point if the counts shown by each counter 
are different from the counts shown by the same count 
ers before recording when the scanning head was at its 
starting point. , 

_ The device may be designed for manual operation. In 
this case, the missing control pulses are supplied manu 
ally, the number indicated by the reading of the counter 
with a negative or positive sign also being indicated by 
the counter. 
According to one especially advantageous embodi 

ment of the invention, an automatic zero point ?nding 
circuit is proposed, in the form of a logic circuit com 
binedv with the recording circuit. In this preferred em 
bodiment, no manual intervention is required, the'de 
vice itself automatically supplementing the cutting pro 
gram with any number of signals still missing in order to 
re-attain the readings of the counters at the starting 
point of the scanning head. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic drawing of a cutting program 

recording device constructed according to the inven 
tion; 
FIG. 2 is a diagram of an electronic circuit utilized in 

the device of FIG. 1 for manually carrying out the 
correction procedure; and, 
FIG. 3 is a diagram of an electronic circuit for the 

automatic correction of the cutting program of the 
device of FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, there is illustrated the mechani 
cal portion of a cutting program recording device hav 
ing a platform 1 with rails 2 and 3 arranged on the two 
lengthwise sides of the platform. The rails support a 
bridge 4 capable of traveling along the rails in the X 
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direction. The bridge 4 in turn supports a carriage 5 
capable of traveling along the bridge in the Y direction. 

A-v scanning head 7 is mounted on the carriage and is 
adapted to be-‘g'uided along the path 8 whichis to be 
programmed-The motion imparted by the carriage 5 is 
transmitted to two rotatable pulse emitters 9 and 10. 
The pulses supplied by theemitters 9 and 10 are signals 
representing the pattern path along which the scanning 
head is made to travel. These signals are transmitted to 
an electronic storage or memory means 13 by lines 11 
and 12. 
The memory means 13 comprises a recording micro 

processor and a magnetic tape recorder which consti 
tutes the memory proper. The function of the recording 
microprocessor is to convert the signals coming from 
the pulse emitters into signals stored von magnetic tape 
which can then be read by a magnetic tape reader when 
the program is executed to cut sheets of glass. 
The path 8 corresponds to the shape of the piece to be 

cut out of sheets of glass, and it may be a line drawn. for 
example, on bristol board. The carriage 5 may be guided 
manually along the path ,8, but it is also possible to 
provide an automatic control for the travel of the car 
riage along the path. 
Such an automatic control is schematically repre 

sented in FIG. 1 and it comprises a following means 18 
provided on the carriage 5, a drive motor 19 to propel 
the bridge 4 in the X direction, and a drive motor 20 to 
propel the carriage in the Y direction, that is, along the 
bridge 4. The two drive motors l9 and 20 are equipped 
with pinions meshing with racks arranged ‘parallel to 
the rails 3 and 4. 
A reference point 22, readable by the scanning head, 

is located on the path 8 and represents the beginning of 
the scanning head path 8 and the start of the recorded 
program. The reference point 22 at the same time repre 
sents the end point of the path of the scanning head and 
serves to'instruct the scanning head to stop its travel at 
the end of the recorded program. 

Referring to FIG. 2, it is seen that signals from the 
pulse emitter 9 for the X direction are carried to a mem 
ory 25 of the memory means 13’ consisting of a record 
ing microprocessor and a magnetic tape recorder. The 
signals also are carried to a differential counter 26, hav 
ing two directions of counting, that is capable of count 
ing up or down. If for example some signals are positive 
pulses and some signals are negative pulses, these pulses 
of unlike ' sign are added. Likewise, the signals from 
pulse emitter 10 for the Y direction are carried to a 
two-wayvdifferential counter 27. . 

At the starting point 22 of the scanning head, that is, 
'‘ before the scanning of the path 8 begins, the two count 
ers 26, 27 are at zero. When the scanning head is started, 
according to the direction of rotation of the two pulse 
emitters 9, 10, positive or negative pulses are introduced 
into the memory 25 and into counters 26 and 27. Inas 
much as the counters 26 and .27 are adding counters, 
necessarily once path 8 has been traversed, if the start 
ing point has been exactly re-attained, a zero reading 
will again appear as the sum of all the pulses on each 
counter for. the X direction and the Y direction alike. 
However, in practice, there will generally be some 
pulses too many or too few in one direction or the other, 
so that some positive or negative value remains in each 
counter, for example ?ve pulses or so, corresponding to 
a travel of the scanning head of about 0.1 mm. The 
indexes 28 and 19 indicate whether the deviations are 
positive or negative. 
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4 
A pulse generator 32 paralleling the pulse emitter 9 

for the X direction is provided as well as an independent 
pulse generator 33 paralleling the pulse emitter 10 for 
the Y direction. These pulse generators 32 and 33, like 
the pulse emitters 9 and -10, are ‘capable of providing 
positive and negative pulses. If, when the path 8 has 
been completely traversed, a positive signal remains in 
counter 26, the pulse generator 32 is set and actuated 
manually to provide negative pulses, and remains in 
action until the value zero appears in counter 26. Then 
the same operation is accomplished for the Y direction 
by actuating the pulse generator 33 if a value different 
from zero remains in counter 27. 

In the automatic starting point ?nder circuit repre 
sented in FIG. 3, a two~way adding counter 36 is again 
provided in the memory means 13" for. the X direction 
and another counter 37 for the Y direction. The two 
counters. 36 and 37 are indicated as having three dec 
ades and each includes a logic circuit to recognize the 
sign of the value found and indicate it in the displays 38 
and 39. If for example a value different from zero re 
mains in one decade of counter 36, that value corre 
sponds to a voltage signal. This voltage signal is trans 
mitted by line 40 to an OR gate 42. The output of the 
OR gate 42 is then applied to the input of a ?rst AND 
gate 44. The second input of this AND gate 44 is con 
nected to pulse generator 46. The output of the AND 
gate 44 is connected to the inputs of a second AND gate 
48 and a third AND gate 50. The AND gate 48 provides 
negative pulses on the line 52, while the AND gate 50 
transmits positive pulses to line 54. The other input of 
the two AND gates 48, 50 is connected to the display 38 
of counter 36. This display 38 emits a recognition signal 
indicating whether the value indicated by the counter is 
a positive or a negative value. If the indicated numerical 
value is for example positive, the AND gate is thus 
open. Then the signals provided by the pulse generator 
46 are transmitted by way of the vAND gate 48 to line 52 
with the result that ?rst, the counter 36 is reset to zero 
and second, that the program recorded in the memory 
56 is supplemented with additional signals. _ 
As soon as counter 36 reaches a value of zero, the 

lines 40 are deprived of voltage so that the AND gate 44 
is blocked. This means that the process of correction in 
the X circuit has been completed. The third input line 
58 of the AND gate 44 is connected to the magnetic 
recording system of the memory 56. Then the AND 
gate 44 and hence the electronic zero ?nding circuit as 
a whole are open only if the process of recording or 
programming, is completed, because the complete path 
8 has been traversed. 
The combination logic circuit acting on the Y direc 

tion operates in the same manner, this circuit compris 
ing an OR gate 43 supplied with the voltages prevailing 
in counter 37, a ?rst AND gate 45 following, and a 
second and third AND gates 49 and 51. The process of 
correction in the Y circuit proceeds simultaneously 
with the process of correction in the X circuit. As soon 
as the two AND gates 44 and 45 have been blocked, the 
two counters 36 and 37 indicate a value of zero, and the 
entire process of correcting the program stored in mem 
ory 56 has been completed. 
We claim: 
1. Method for correcting the control program of an 

automatic glass cutting machine where said machine 
has a scanning head equipped with an X-pulse emitter 
and a Y-pulse emitter adapted to be guided along a 
closed path de?ned in Cartesian X and Y coordinates 
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representing a line along which glass sheet ‘is to be cut 
and has a memory for storing the signals emitted by the 
emitters, comprising the step of adding the signals emit 
ted by the emitters in an X counter and in a Y counter 
in the form of positive or negative pulses according to 
whether the scanning head moves in the positive or 
negative direction of the X and Y axes when moving 
along the closed path, the step of comparing the total 
number of pulses in each counter at the initial starting 
point of the movement of the recording head about the 
closed path with the total number of signals in each 
counter at the termination point of the movement of the 
head about the closed path, and the step of adding to the 
program the required number of pulses to make the 
number of pulses in each counter at the end of the 
movement of the head about the closed path equal to 
the number in each counter at the initial start of move 
ment of the head about the closed path. 

2. A device for correcting the control program of an 
automatic glass cutting machine where said device has a 
scanning head, a carriage supporting the scanning head 
slidable parrallel to an X axis and to a Y axis to move 
along a portion of a cutting outline in a closed path, an 
X axis pulse emitter on said head adapted to emit posi 
tive or negative pulses as said head moves in a positive 
or negative direction with respect to the X axis, a Y axis 
pulse emitter on said head adapted to emit positive or 
negative pulses as said head moves in a positive or nega 
tive direction with respect to said Y axis, and an elec 
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6 
tronic storage means; characterized in that said storage 
means includes an X pulse adding counter, a Y pulse 
adding counter, and a pulse generator for each said 
counter which at the end of travel of the scanning head 
about said closed path adds a required number of pulses 
to memory to make the counter total of each counter at 
the initial start of the scanning head about the closed 
path and before commencement of further travel of said 
scanner head about the closed path. 

3. A device according to claim 2 whereby said pulse 
generator is manually actuated. 

4. A device according to claim 2 where at the end of 
the movement of said scanning head about the closed 
path, the pulse generator is controlled by the count 
remaining in its associated counter. 

5. A device according to claim 4 wherein said storage 
means includes for each counter a logic circuit having 
an OR gate supplied with a voltage signal correspond 
ing to the reading of the counter, the output of said OR 
gate connected to one input of a ?rst AND gate a sec 
ond input of which is connected to the pulse generator, 
the output of said ?rst AND gate being applied to sec 
ond and third AND gates the other inputs of which 
receive a negative or positive signal from the counter. 

6. A device according to claim 5 wherein a third 
input of the ?rst AND gate is connected to a recording 
system. 

* * * * * 


